We investigated changes in the financial performance of representatives of the world's top 200 commercial banks after the global subprime financial crisis. Our empirical results show that following the subprime-crisis disclosure, all commercial banks exhibited worse performance in asset quality, profitability, liquidity, and growth index, accompanied by risk increases in asset adequacy, managerial ability, profitability, and growth index. Developed markets have suffered a greater negative influence than emerging markets, causing downward pressure on asset adequacy, asset quality, and profitability since the subprime crisis. Commercial banks within developed nations suffered more direct pronounced effects from the subprime crisis than did those in emerging markets. Our results prove that larger commercial banks, particularly those with larger capitalization, have the economies-of-scale advantage to resist the negative effects of economic downturns.
Although the percentage of subprime loans as part of the larger mortgage market was not high, these defaults caused the subprime crisis because financial institutions had devised innovative financial methods to sell opaquely structured products that combined mortgage-based securities (MBS) and collateralized debt obligations (CDO). On February 7, 2007, Europe's largest bank, HSBC Holdings, blamed soured U.S. subprime loans for its first-ever profit warning. On September 21, 2008, the Fed approved transforming the last two surviving U.S. investment banks, Goldman Sachs and Morgan Stanley, into commercial banks as their only means of survival in exchange for stable funding sources, a move that would subject them to more rigorous government supervision. Bloomberg indicated that by the fourth quarter of 2008, the global financial industry had been hit extremely hard by the subprime crisis, leading to a necessary capital injection of nearly US$750 billion in new funds, obtained from both shareholders and the market, to cover losses of US$850 billion and to survive this major financial crisis. To improve the capital structure weakened by the subprime crisis, capital within the global financial industry was increased by US$756.5 billion.
We analyze the effect of the subprime crisis on the financial performance of global commercial banks and examine certain variables of the CAMELS rating (i.e. six financial dimensions: capital adequacy, asset quality, management performance, earnings, liquidity, and sensitivity) of the world's top 200 commercial banks to compare the main changes following the global subprime crisis. We also clarify which commercial banks in developed or emerging economies have suffered a greater negative influence from the subprime crisis, and explore whether bank size helps resist the negative effects from the financial crisis.
CAMELS is a rating system used for U.S. financial institutions after the National Credit Union Administration (NCUA) accepted the suggestion of the Federal Financial Institution Examination Council (FFIEC) in November 1979. The CA-MELS rating system assesses the performance of financial institutions under six operational dimensions: capital adequacy, asset quality, management performance, earnings, liquidity, and sensitivity. The literature finds CAMELS financial ratios useful to measure bank performance. Robert Craig West (1985) found that capital adequacy, asset quality, profitability, and liquidity distinguish defaulting banks. Daniel Martin (1977) explained that certain CAMELS components can be used to predict banking crises: the ratio of capital/risk (C), the ratio of a bad debt/net profit (A), the ratio of expenses/sales revenue (M), and the ratio of profit/total sales (E). Frederick T. Furlong and Michael C. Keeley (1989) and Ronald E. Shrieves and Drew Dahl (1992) believed that a government that severely controls capital adequacy can effectively reduce bank operating risk and deposit insurance debt. Rebel A. Cole and Lawrence J. White (2012) empirically found that traditional proxies for CAMELS ratings significantly explain why commercial banks failed during the recent financial crisis.
Recent studies have subsequently found the effect of banking performance during the subprime crisis. Đorđe Đukić and Mališa Đukić (2009) explored the effects of financial crisis on interest rates in the banking industry in Serbia. Following the subprime financial crisis, banks are not prepared to lend on the interbank money market because of their lack of confidence, leading to continued market failure. Martin Knaup and Wolf Wagner (2012) measured credit-risk indicators (CRIs) for 150 of the largest U.S. bank holding companies and found that CRIs can forecast bank failures and share price performances during a subprime crisis. Justin Y. Jin, Kiridaran Kanagaretnam, and Gerald J. Lobo (2011) investigated the ability of the measured accounting and audit-quality variables in the pre-crisis period to predict bank failure during the financial crisis. Their results identified six and 10 predictors of bank failure for the troubled sample and the larger full sample of banks, respectively. Andreas Dietrich and Gabrielle Wanzenried (2011) showed that profitability determinants of commercial banks during the recent financial crisis include bank-specific characteristics and industry-specific and macroeconomic factors. Emilia Peni and Sami Vahamaa (2012) and Vincent Aebi, Gabriele Sabato, and Markus Schmid (2012) examined whether banks with stronger corporate governance mechanisms are associated with enhanced performance during the financial crisis. Their results indicated that banks with good governance exhibited higher stock returns and mitigated the adverse influence on bank credibility during the crisis. Albert S. Kyle (2012) empirically found that small banks that failed during the financial crisis tended to have a high concentration of loans financing commercial real estate, whereas large banks PANOECONOMICUS, 2013, 5, pp. 593-614 failed during the financial crisis because of investment in pool subprime mortgages. The empirical results obtained by Andrea Beltratti and Rene M. Stulz (2012) and Rudiger Fahlenbrach, Robert Prilmeier, and Stulz (2012) and showed that banks that have more leverage rely more on short-term funding, and banks with greater growth are more likely to perform poorly in the financial crisis.
The global financial industry is in tatters because of the subprime crisis, which has also ended the investment banking era in the United States. However, the last two remaining investment banks, Goldman Sachs and Morgan Stanley, elected to continue their operations as commercial banks, suggesting that the commercial bank business model is more resistant to the crisis effect than that of investment banks. Because these larger troubled banks that were rescued during the subprime crisis, previously operating as investment banks, were merged, taken over, or transformed into commercial banks, we do not consider them in our samples. We focus on the crisis influence on the financial performance of the world's top 200 commercial banks in areas such as capital adequacy, asset quality, management capacity, profitability, liquidity, and growth during the post-subprime financial crisis period.
Graciela L. Kaminsky, Carmen M. Reinhart, and Carlos A. Vegh (2003) noted that when international financial crises occur, developed countries tend to act as a conduit, passing the effects onto developing countries. Sandeep A. Patel and Asani Sarkar (1998) indicated that in nine crises occurring between 1970 and 1997, those occurring in developed nations became less severe over time, in both the extent of price declines and duration, whereas this was not the case in emerging stock markets. David E. Palmer (2000) reported that claims by U.S. banks on emerging-market counterparties declined between 1997 and 1999 because U.S. banks either suffered losses on claims or actively reduced their exposure in such regions. Kee-Hong Bae, G. Andrew Karolyi, and Stulz (2003) asserted that emerging markets are more vulnerable to the effects of international financial crises than are developed markets. Yoonbai Kim and Yung-Hsiang Ying (2007) argued that a market opening in an emerging financial market serves only to accelerate the effect of a financial crisis. However, the asset impairment associated with subprime and related credit losses suffered by the financial sectors of developed nations in North America and Europe accounted for approximately 96% of all global losses from the subprime debacle. Therefore, whether these empirical studies have successfully identified if the financial sector of developed countries or emerging economies are more seriously affected by the subprime crisis is questionable.
Richard R. Rivard and Christopher R. Thomas (1997) suggested that banks may increase their operating safety when they have a larger scale, higher market growth, and more branches. Obeua S. Persons (1999) identified several factors (i.e. scale, profitability, capital, assets, management quality, and overseas debt) that may influence the level of bank-operating success, and found a negative relationship when comparing return on assets, deposit rates, and scale to possible bank defaults. Yang Li (2003) Sufian and Muzafar Shah Habibullah (2010) also showed that capitalization negatively and significantly explains bank failure during a financial crisis. Jakob de Haan and Tigran Poghosyan (2012b) examined whether bank earnings volatility depends on bank size. By controlling for management quality, leverage, and diversification, including the recent financial crisis period, their results showed that bank size reduces return volatility. These studies consistently show that the bank scale of a bank, especially its capitalization, is positively correlated to its performance, particularly when a financial crisis occurs. However, following the subprime-crisis disclosure, the largest commercial banks in the United States, including Citibank, Bank of America, and Wells Fargo, all reported unprecedented huge quarterly losses. This suggests that large capitalization and total asset levels are not necessarily helpful to banks in weathering the subprime crisis.
Hence, our contribution is as follows. First, in contrast to existing studies that focused on bank performance following the financial crisis, we used the simple Zand F-tests and the efficient panel-data model to analyze what elements of overall financial performance described in the CAMELS rating for the world's top 200 commercial banks are significantly and negatively affected by the global subprime crisis. Second, the advantage of using the Z-and F-tests and the panel data model might be that Z-and F-tests examine the different changes in bank performance for average level and risk in the pre-and post-crisis periods. The panel data model addresses the simultaneous existence of cross-sectional and time-series data, thereby producing an efficient estimation. We separately examined whether bank size measured by capitalization and total assets and level of market maturity are significant factors in combating the negative effects of the subprime crisis on the financial performance of commercial banks. In contrast to the methodology and sample by Patel and Sarkar (1998), Palmer (2000) , and Bae, Karolyi, and Stulz (2003) , who investigated market maturity on bank performance from the financial-crisis perspective, we used simple and efficient methods to determine whether the negative effects on overall financial performance of the world's top 200 commercial banks, attributable to the global financial crisis, were significantly greater for banks located in more mature markets. Differing from the analysis by Gomez-Gonzales and Kiefer (2009) and Sufian and Habibullah (2010) on the influence of bank size in bank performance resulting from the financial crisis in specific regions, we used multiple methods to examine whether the negative effects on bank financial performance from the global financial crisis were significantly smaller for large-scale banks. Our study has important implications for financial authorities and bank supervisors in making managing decisions when facing a global financial crisis. Figure 1 shows a framework of the subprime-crisis effect on the financial performance of commercial banks. The remainder of this paper is organized as follows. Section 1 provides a description of the study sample, variable measurements, and research design, followed by a discussion in Section 2 of the empirical results. Finally, Section 3 presents the conclusion and a summary of the managerial implications.
Data and Methodology

Data Range and Sample Analysis
In late 2006, the U.S. housing market slowed after 2 years of increases in official interest rates. On August 10, 2006, Central banks pumped billions of dollars into banking systems in a concerted effort to avert a credit crisis. On February 7, 2007, Europe's largest bank, HSBC Holdings, blamed subprime loans for its profit warning. We therefore followed Francis A. Longstaff (2010) to divide the timeline at the beginning of 2007, the onset of the subprime crisis, into the pre-crisis period and the crisis period. We referenced the world's top 200 commercial banks based on their size, measured by total assets in a 2007 issue of The Banker magazine, which listed the top 1,000 world banks, and the data were obtained from the Bank Scope 1 database. The study periods were collected from fiscal financial reports in the 3 years before (2004) (2005) (2006) and the 3 years after (2007) (2008) (2009) ) the subprime crisis to analyze changes in financial performance.
After the selection, the results of summary statistics in Appendix 2 Table 2 show 148 commercial banks in our sample. These include 103 banks in developed countries, constituting 70%, and 45 banks in developing countries, constituting 30%. The average capitalization of commercial banks in developed countries is significantly lower than that in developing countries, but the average total assets of commercial banks in developed countries are significantly higher than those in developing countries. The standard deviations for both capitalization and total assets of commercial Is market maturity a significant factor in combating the negative effects of the crisis on bank financial performance?
Is bank size a significant factor in combating the negative effects of the crisis on bank financial performance?
Pre-crisis Post-crisis PANOECONOMICUS, 2013, 5, pp. 593-614 banks in developed countries are significantly lower than those in developing countries. The results of summary statistics suggest that a possible cause of our empirical results, which shows that commercial banks in developed markets experienced a greater negative influence than did those in emerging markets during the subprime crisis, may be due to their significantly lower capitalization. This is consistent with the results by Gomez-Gonzales and Kiefer (2009) and Sufian and Habibullah (2010) that bank capitalization is positively correlated to their performance. However, the significantly higher total assets of commercial banks in developed countries may result from their higher levels of debt and risky assets.
Variable Measurement
Measures of Financial Performance Indicators
This study adopted the U.S. financial auditing system's CAMELS rating method of the U.S. financial auditing system to measure financial performance variables. We omitted CAMELS' the sixth category, S for sensitivity to market risk, because this study focused on commercial banks. The measure of each CAMELS variable is as follows.
(
1) Capital Adequacy
The capital adequacy ratio represents the ability of a bank to manage its liabilities or potential risks. The most common indicators include the capital adequacy ratio and equity ratio. A high ratio indicates that banks are more stable and implies a higher degree of safety for business operations. The New Basel Accord, the current generally accepted monitoring standard published by the Bank for International Settlements (BIS), calls for a minimum total capital adequacy ratio of 8%. The definitions of equity ratio and capital adequacy ratio are as follows:
Equity ratio (y 1 ) = Total equity/Total assets, Capital adequacy ratio (y 2 ) = Capital/Risky asset.
(2) Asset Quality
Loan quality can be used to measure bank-asset quality (e.g. overdue loan ratio, uncollected interest ratio, and the coverage ratio of uncollectible accounts). A high coverage ratio of uncollectible accounts indicates a bank's good loan quality. The coverage-ratio measure of uncollectible accounts is as follows:
Coverage ratio of uncollectible accounts (y 3 ) = Deposits for uncollectible accounts/Total amount of overdue loans.
(3) Managerial Capability
We used the operating-cost ratio and fixed-asset turnover ratio to measure the level of bank management efficiency, using the operating-cost ratio to measure costcontrol ability and fixed-asset turnover ratio to measure substantial asset management ability. The measure of the operating cost ratio and fixed asset turnover ratio are as follows:
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Operating cost ratio (y 4 ) = Operating cost/Operating revenue, Fixed asset turnover ratio (y 5 ) = Operating revenue/Average of fixed assets.
(4) Earnings
Bank earnings were measured by its Return on Equity (ROE) and Return on Assets (ROA). Larger indicators mean higher bank profitability. ROE measures the rate of return on ownership interest of common stock owners and a firm's efficiency at generating profits from every unit of shareholder equity at any given period of time. ROA represents how profitable company assets are in generating revenue. A high ROA means that a bank has good operational performance. The ROE and ROA measures are as follows:
ROA (y 6 ) = Net income/Average total assets, ROE (y 7 ) = Net income/Average total equity.
(5) Liquidity
Current ratio (CR) represents bank-asset liquidity, and abundant assets or cash reserves represent bank capacity to manage a short-term bank run. Therefore, CR can be used to measure the bank-safety level. The CR function is as follows:
Current ratio (y 8 ) = Current asset/Current liability.
(6) Growth Index
We adopted the first five measures of the CAMELS system and a growth-index measure to assess commercial bank operating performance. The growth index is as follows: Sales revenue growth rate (y 9 ) = (Current sales revenue -Previous sales revenue)/Previous sales revenue.
The Subprime Crisis and Moderating Variables (1) The Subprime Crisis (D s )
We used the beginning of the subprime financial crisis (early 2007) as a starting point. Within the test and estimates of the panel data model of the entire sample, whether the subprime crisis occurred was set as a dummy variable, D s ; if the sample period was later than January 2007, then D s = 1; otherwise, D s = 0.
(2) Market Maturity (Dma)
Palmer (2000) and Bae, Karolyi, and Stulz (2003) showed that when an international financial crisis occurs, emerging-market counterparties are more vulnerable than those of developed countries. Thus, based on the potential differences in market maturity, we divided the sample markets into developed and emerging markets to explore whether the subprime crisis had different effects on the risks and levels of bank financial performance within markets of differing maturity levels. This approach also enabled us to examine whether, in the crisis aftermath, the negative effects on the PANOECONOMICUS, 2013, 5, pp. 593-614 financial performance variables were greater for emerging markets than for developed markets. In the panel data model test and analysis of the estimates in this study, the market maturity level was set as a dummy variable, D ma ; if the sample bank was located in a developed market, then D ma = 1; otherwise, D ma = 0.
(3) Capitalization (s1)
Higher bank capitalization indicates a larger amount of available bank-owned capital for use, thereby providing the bank with better control over its operational risks. Li (2003) , Gomez-Gonzalez and Kiefer (2009) , and Sufian and Habibullah (2010) proposed that bank capitalization positively correlates with bank performance, particularly when a financial crisis occurs. Because different effects of the subprime crisis on the financial performance variables of commercial banks may have been attributable to different capitalization levels, we designated bank capitalization to explore whether greater capitalization enabled a bank to endure a relatively smaller negative effect on its financial performance variables during the subprime crisis. In the statistical analysis, we also divided the bank samples into the greater 1/5 and the smaller 1/5 groups by capitalization to explore whether banks with greater capitalization successfully reduced the effect of the subprime credit crisis.
(4) Total assets (s2)
Larger total assets of a bank indicate a greater force that the bank can generate when faced with strong market competition. Because the differences in total assets of commercial banks after the subprime crisis may result from diverse effects on their financial performance variables, we designated bank total assets to determine whether greater total assets resulted in smaller negative effects on the financial performance variables. All bank samples in the statistical analysis were again divided by total assets into greater 1/5 and smaller 1/5 groups to determine whether greater total assets were successful in reducing the effect of the subprime credit crisis.
Research Design
Because the descriptive statistical Z-test and F-test, based on normal distribution, are fitted with a large sample, we first used Z-and F-tests separately to perform the original investigation because of a larger sample number over 30 in this study. We did not use multiple regression in the original analysis because Z-and F-tests jointly examine whether significant differences exist in bank performance changes of the average level and risk in the pre-and post-crisis periods. The panel-data model also addresses the simultaneous data structure of cross-sections and time series. However, multiple regression ignores the difference in cross-sectional or time-series data, thereby producing an inefficient estimation.
We used this procedure to determine whether the subprime crisis caused any significant deterioration in the average financial performance levels of commercial banks, or in any significant rise in their level of financial risk. We used the Z-test to examine whether the subprime crisis caused any significant deterioration in the average financial performance levels of commercial banks, and used the F-test to ex-PANOECONOMICUS, 2013, 5, pp. 593-614 amine whether the crisis caused any significant rise in their financial-risk level. The sampling covers the 2004-2009 annual financial reports of the world's top 200 commercial banks. Based on the panel-data description, the sample contains a relatively large cross-section and a relatively short time series. We treated the time effect in this study as a static-state change, assuming that the time-span samples are in a static state, and therefore, remain unchanged. The advantage of this model is that it simultaneously addresses the coexistence of cross-sectional and time-series data and generates efficient estimates, essentially because it considers the differences between crosssectional data. Thus, in addition to adopting descriptive statistical test analysis, we adopted the fixed and random effects of the panel data model to estimate a regression model constructed to analyze the different effects of the subprime crisis on the financial performance of commercial banks.
Panel Data Model: Fixed Effects
The fixed effects focus on the allowance between financial-performance differences by using a fixed intercept for each of the different cross-sectional structures. If we assume that the dummy variable for a bank is either 1 or 0, then D i , which is the dummy variable for bank i, can be expressed as:
The regression of total samples can be expressed as:
The dummy variables are expressed as follows:
To further investigate the crisis effect, De Haan and Poghosyan (2012a, 2012b) analyzed whether the financial crisis, bank size, and bank concentration affect bank earnings volatility. Based on a similar research design by De Haan and Poghosyan (2012a, 2012b) , few explanatory variables should be included in this study. The regression of the post-subprime crisis is as follows:
1 Where i = bank 1, 2,…,N ; The definitions of j D , ma D , 1 s , and 2 s are as described in the variable measurements. Because the fixed effects account for both cross-sectional and time-series data, the increased covariance caused by individual-bank differences is eliminated, thereby increasing estimation-result efficiency.
Panel Data Model: Random Effects
Random effects focus on the relationship with the study sample as a whole 3 ; thus, the samples are randomly selected, as opposed to using the entire population. The totalsample regression (a function of the random effect) can be expressed as 4 :
.
If this is represented with random variables, then  0j = 0  +  j , which indicates that the difference occurs randomly, and the expectation value of  0j is 0  .
5 The regression of the post-subprime crisis is as follows:
Panel Data Model: Hausman Test
The Hausman test (Yair Mundlak 1978) is the most commonly used method for evaluating fixed and random effects.
the population as a whole, and that the intercept of the structural differences in financial performance (i.e. the intercept of each regression of financial performance) is random and does not change over time. 4 Where i = bank 1, 2,…,N ; and t = year 1, 2,…,T; the intercept,  0j , represents the different structure of each of the cross-sections.
5
 i is the error item of the intercept.
which shows the different intercepts for a sample bank i;  it is the error term.
6 Mundlak (1978) argued that the random effect (μ i + δ it ) should be examined to determine whether any correlation exists between μ i and independent variables (D s ), D ma , s 1 and s 2. 7 If μ i is correlated with (D s ), D ma , s 1, and s 2 , then bias and inconsistency is introduced into the regression estimation of the random effects. 
Empirical Results
Descriptive Statistical Test
Entire Sample
Under the alternative hypothesis H 1 for the descriptive statistical test, we assumed that the anticipated large-value variables (i.e. equity ratio, capital adequacy ratio, coverage ratio of uncollectible accounts, fixed-asset turnover ratio, ROA, ROE, current ratio, and sales growth rate) should have a significantly smaller value after the crisis. Similarly, we supposed that the anticipated small-value variable (i.e. operating cost ratio) should have a significantly larger value following the crisis. Alternatively, under the null hypothesis H 0 , we proposed a contrary circumstance, compared with the alternative hypothesis H 1 . The result in Table 2 clearly shows that following the subprime crisis disclosure, the coverage ratio of uncollectible accounts, ROA, ROE, and the current ratio and growth rate of commercial banks were all significantly reduced. Table 2 also shows that the variances in equity ratio, operating cost ratio, fixed-asset turnover ratio, ROA, ROE, and growth rate are significantly increased in the post-subprime crisis period. These results indicate that the subprime crisis had significant negative effects on asset quality, profitability, liquidity, and the growth index of commercial banks, and simultaneously raised their risks in capital adequacy, management performance, profitability, and growth.
<Table 2 in Appendix 2>
Classification by Market Maturity (1) Developed Markets
The data results on commercial banks in developed markets shown in Table 3 show that the subprime crisis had significant negative effects on asset quality and profitability, and raised risks in their capital adequacy, management capability, profitability, and growth index.
(2) Emerging Markets
The commercial-bank results in the emerging markets in Table 4 show that the subprime crisis had significant negative effects on profitability and liquidity, and raised management capability and growth risks. 
<Tables 3 and 4 in Appendix 2>
In summary, commercial-bank profitability declined significantly, and risk increased in managerial capability and growth following the subprime crisis, regardless of market maturity. Certain commercial banks in emerging markets had weaker liquidity performance because of increased current liabilities over current assets, whereas those located in developed markets showed worse asset quality and significantly increased risk in asset adequacy and profitability. Our results show that commercial banks in developed markets suffered significantly larger negative effects from the crisis than did their counterparts in emerging markets, which is inconsistent with the findings of both Patel and Sarkar (1998) and Bae, Karolyi, and Stulz (2003) . These findings may result from two possible causes. First, commercial banks in developed markets have significantly lower capitalization (Appendix 2, Table 2 ), which is consistent with the comments by Li (2003), Gomez-Gonzales and Kiefer (2009), and Sufian and Habibullah (2010) . Second, the subprime crisis occurred in developed markets (i.e. Europe and the United States) where most commercial banks issued securitizations; therefore, commercial banks located in these markets suffered a more direct effect from the crisis. However, the subprime crisis had less significance and a direct effect on emerging markets, possibly because of their higher capitalization, more capital restrictions, and a lower degree of financial maturity.
Classification by Bank Size
According to our sample distribution and the research design by De Haan and Poghosyan (2012a Poghosyan ( , 2012b , market maturity and bank size should not overlap in our explanatory variables.
10 Table 5 shows that the subprime crisis negatively affected commercial-bank profitability with larger capitalization, whereas other financial variables were not significantly affected. The crisis also increased the risk level in the profitability and growth indices. For other commercial banks with smaller capitalization (Table 6 ), the subprime crisis had negative effects on capital adequacy, asset quality, managerial capability, profitability, and growth, and increased the risk in capital adequacy, managerial cost capability, shareholder profitability, and growth. Following the subprime crisis, banks with smaller capitalization exhibited worse financial performance (i.e. capital adequacy, asset quality, managerial cost capability, and growth) and increased risk in capital adequacy and managerial cost capability compared to banks with larger capitalization. The results prove that in a financial crisis, commercial banks with larger capitalization are better able to resist negative effects to capital adequacy, asset quality, managerial capability, and growth.
<Tables 5 and 6 in Appendix 2>
10 Larger and smaller bank-size samples, measured by their capitalization and total assets, are simultaneously and unbiasedly scattered in the developed market and developing market under this study. However, De Haan and Poghosyan (2012a, 2012b) simultaneously examined whether bank size and bank concentration significantly affects bank earnings volatility. We regard market maturity in our study as one of the indicators of bank concentration.
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We summarize the important results of commercial banks with larger and smaller total assets rather than showing their empirical tables because of limited space in this paper. The subprime crisis had negative effects on asset quality and profitability for commercial banks with larger total assets. Although the results show no effect on other financial variables, the subprime crisis increased profitability risk and growth indices. For commercial banks with smaller total assets, the subprime crisis had significant negative effects on asset quality, profitability, and growth, and increased the level of risk in capital adequacy, managerial capability, shareholder profitability, and growth. Compared to banks with larger total assets, smaller commercial banks exhibited worse financial-growth performance than did their larger counterparts; smaller commercial banks also increased their risk of capital adequacy and managerial cost capability. The empirical results indicate that commercial banks with larger total assets are better able to resist the negative influence on growth during the subprime crisis period.
Empirical Results of the Panel Data Model
Financial Ratios for the Entire Sample
To reduce size limitations, we combined the Hausman test results with those of panel-data estimations. The panel-data estimations for the entire sample are presented in Table 7 , which shows that the fixed-effects model is better for the equity ratio, capital adequacy ratio, operating cost ratio, and current ratio, but the random-effects model is better for financial-performance variables. Table 7 shows that the coefficients of D s are significantly negative in the coverage ratio of uncollectible accounts, ROA, ROE, current ratio, and sales growth rate of these banks. Our results mean that all commercial banks showed declines in asset quality, profitability, liquidity, and growth indices following the subprime crisis. These asset-quality declines are due to increased overdue lending. Banks were unable to handle emergent events, causing further cash declines resulting from worsening liquidity. Because of significant downward pressure on profitability and growth, banks could not maintain progress in profit and revenue growth.
Considering the control variables in Table 7 , the coefficients of D ma show that market maturity exhibits significantly positive effects on the bank-equity ratio and sales-revenue growth rate over the entire sample. This means that developed markets that issued financial-securitized products had higher reserves and sales growth than did emerging markets. The coefficients of s1 show that bank capitalization also positively influenced equity ratios and capital-adequacy ratios, indicating that larger capitalization improves commercial-bank capital adequacy. Thus, more highly capitalized banks could better counteract the negative effects of the subprime crisis on their capital adequacy. However, the coefficients of s 2 show that total assets have a slightly negative influence on the equity ratio, capital adequacy ratio, and current ratio. The result implies that banks with higher total assets may incur worse capital adequacy and liquidity, possibly because of their higher debt levels and risky assets.
Financial Ratios for Commercial Banks after the Crisis
The results of panel data estimations combined with the Hausman test following the crisis are shown in Table 8 . Except for the equity ratio fitted with the fixed-effects model, Table 8 shows that other financial-performance variables are fitted with the random-effects model. The coefficients of D ma show that, during the subprime crisis, market maturity had a significantly positive effect on the operation cost ratio, whereas it negatively influenced the equity ratio, capital adequacy ratio, coverage ratio of uncollectible accounts, ROA, and ROE. The results indicate that the subprime crisis directly affected developed markets, which have lower capitalization and primarily issued securitization, causing downward pressure on capital adequacy, asset quality, managerial cost capability, and profitability. The coefficients of s 1 and s 2 show that, after the crisis, bank capitalization and total assets had no significantly negative influence on all anticipated large-value variables (i.e. equity ratio, capital adequacy ratio, coverage ratio of uncollectible accounts, fixed asset turnover ratio, ROA, ROE, current ratio, and sales growth rate). Bank capitalization and total assets exerted no significant positive influence on anticipated small-value variables (e.g. operating cost ratio). Bank-capitalization size had a significantly positive effect on the equity ratio and capital adequacy ratio in the post-subprime crisis period, suggesting that bank capitalization counteracts the negative effects on their capital adequacy during the crisis period. Larger bank size, particularly larger capitalization, reduces the negative effects caused by the subprime crisis.
<Tables 7 and 8 in Appendix 2>
Conclusion
We examined a sample of the world's top 200 commercial banks to prove that larger banks, particularly larger capitalization, have an economies-of-scale advantage to resist negative effects on financial performance resulting from the subprime crisis. These results are consistent with the findings by Li (2003) , Gomez-Gonzales and Kiefer (2009), and Sufian and Habibullah (2010) , who argued that bank scale determines a bank's ability to withstand financial-crisis effects. Therefore, government authorities should limit large financial-institution mergers to avoid bankruptcy and eliminate consolidation constraints on financial firms to increase bank competitiveness and enhance their ability to adequately respond to negative effects caused by future financial crises. Government authorities should also avoid saving larger banks to reduce the possibility that partial bank performance may result from government policy. Commercial banks should increase their size to enhance their competitiveness and reduce their debt level and risky assets to strengthen their own capital. We showed that developed markets suffered a greater negative influence than did emerging markets following the subprime crisis, causing downward pressure on worse asset quality performance and increased capital adequacy risk and profitability, which is inconsistent with the results by Bae, Karolyi, and Stulz (2003) . The subprime crisis directly affected the financial performance of developed market commercial banks with lower capitalization and issued financial securitized products, whereas banks in PANOECONOMICUS, 2013, 5, pp. 593-614 emerging markets experienced an indirect influence, possibly because of their higher capitalization, greater capital limitations, and low financial development. Governments in developed markets should implement financial policies for raising bank capitalization to reduce bank failure during financial crises and should supervise financial institutions in regulatory systems. Finally, financial supervisors, particularly in developed markets, should strengthen their bank capital adequacy, asset quality, and profitability to manage future financial crises.
Appendix 1
Several previous studies explore the correlation of financial crises to bank performance. Among them, Sufian and Habibullah (2010) examine the impact of the Asian financial crisis on Indonesian banks' performance. Their results found that the crisis exerted significantly negative impact on these banks' profitability, and income diversification and capitalization positively correlated with their profitability. GomezGonzalez and Kiefer (2009) investigate the bank failure during the financial crisis in Colombia. They find that the failure of banks during that period can be explained by differences in banks' financial health and prudence, and the capitalization ratio is the most negatively significant index explaining bank failure. Marcia M. Cornett et al. (2010) examine government ownership and involvement in a country's banking system after bank performance fell during the Asian financial crisis. They find that deterioration in cash flow returns, core capital and credit quality of state-owned banks was significantly greater than that of privately-owned banks after the Asian crisis occurred. Notes: a RSS refers to the residual sum of squares. b ***, ** and * indicate significance at the 0.01, 0.05 and 0.1 levels, respectively. c FE represents that the fixed effects model is used, and RE represents that the random effects model is used.
Appendix 2
Source: Authors' calculation. Notes: a RSS refers to the residual sum of squares. b ***, ** and * indicate significance at the 0.01, 0.05 and 0.1 levels, respectively. c FE represents that the fixed effects model is used, and RE represents that the random effects model is used.
